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(54) CURRENT PYROELECTRIC INFRARED SENSOR

(57) There is provided a pyroelectric infrared sensor
being capable of changing its shape and having high sen-
sitivity. The sensor comprises the substrate 11 made of
a polymer material such as polyimide or polyethylene
terephthalate and having flexibility, the layer 13 compris-
ing vinylidene fluoride (VDF), and the flexible electrodes
12 and 14 comprising an Al-�deposited film and provided

on and under the VDF oligomer layer 13. The pyroelectric
infrared sensor of the present invention has flexibility as
a whole due to flexibility of each component elements
and can be formed into desired shapes. In addition, since
a substrate made of a polymer material has heat capacity
and heat conductivity lower than those of Si substrates
used on conventional pyroelectric infrared sensors, sen-
sitivity of the sensor can be increased.
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Description

TECHNICAL FIELD

�[0001] The present invention relates to a pyroelectric
infrared sensor using a material having pyroelectrical
property.

BACKGROUND ART

�[0002] A pyroelectric infrared sensor is an infrared sen-
sor using a pyroelectric material having property that an
amount of spontaneous polarization inside a substance
is changed depending on temperature. In this pyroelec-
tric infrared sensor, a change in an amount of spontane-
ous polarization generated due to temperature rise
caused by absorption of infrared rays by the pyroelectric
material is taken out in the form of electric signal to detect
presence or absence of infrared rays and intensity there-
of.
�[0003] In order to improve sensitivity of a pyroelectric
infrared sensor, it is desirable that a pyroelectric material
has (i) a high pyroelectric coefficient, (ii) a small heat
capacity, and (iii) a low dielectric constant. The pyroelec-
tric coefficient is defined by a change in polarization due
to a change in unit temperature per unit volume. De-
crease in heat capacity leads to elevation of temperature
by irradiation of infrared rays even in the case of the same
amount, and contributes to improvement in sensitivity of
detecting infrared rays. In addition, decrease in a dielec-
tric constant of pyroelectric material results in decrease
in electrostatic capacity between the electrodes provided
with the pyroelectric material between them. In this case,
a large voltage appears between the both electrodes by
a change in polarization, which contributes to improve-
ment in sensitivity of infrared ray detection measured by
a change in voltage.
�[0004] Hitherto, pyroelectric infrared sensors having a
pyroelectric material comprising an inorganic ferroelec-
tric material such as lead zirconium titanate (PZT) or bar-
ium titanate (BaTiO3) or a ferroelectric polymer such as
polyvinylidene fluoride (PVDF) or a random copolymer
(PVDF/ �TrFE) comprising PVDF and trifluoroethylene
(TrFE), have been used. However, though inorganic fer-
roelectric materials have an advantage that a pyroelectric
coefficient is high, since a dielectric constant and heat
capacity thereof are large, there is a limit in improvement
in sensor sensitivity, and in addition, there is a disadvan-
tage that a high temperature process of about several
hundred centigrade needs be employed when forming a
thin film.
�[0005] In JP2004-037291A ([0016] to [0024], [0032],
Fig. 4), it is proposed that vinylidene fluoride oligomer
(VDF oligomer) is used on a pyroelectric material of a
pyroelectric infrared sensor. The VDF oligomer is repre-
sented by CF3-(CH2CF2)n-CmH2m+1. JP2004-037291A
says that polymerization degree n is 10 to 50, but actually
VDF oligomers having polymerization degree n of 5 to 9

in addition to the VDF oligomers having polymerization
degree of the above-�mentioned range also have the fol-
lowing features. Therefore, in the present invention, VDF
oligomers are defined as those having polymerization
degree within a range from 5 to 50. Though in
JP2004-037291A, only oligomers having CmH2m+1
group of m=1 are described, actually oligomers of m=2
to 10 also have the following features. Further, � those in
which CmH2m+1 group is replaced by halogen atom are
also included in VDF oligomers.
�[0006] VDF oligomers have a dielectric constant and
heat capacity lower than those of inorganic ferroelectric
materials and have the same levels of dielectric constant
and heat capacity as those of ferroelectric polymers, and
in addition, have a pyroelectric coefficient higher than
that of ferroelectric polymers. Therefore VDF oligomers
are excellent as a pyroelectric material of a pyroelectric
infrared sensor. A pyroelectric coefficient of a VDF pol-
ymer varies with polymerization degree n. For example,
a pyroelectric coefficient P3 of a VDF oligomer having
polymerization degree n of 17 is -70 PC/m2K which is an
absolute value larger than a pyroelectric coefficient P3
of -30 PC/m2K of VDF polymer (PVDF) having a far high-
er polymerization degree n (n=about 1,000 to about
2,000). Also, VDF oligomers are excellent as compared
with inorganic ferroelectric materials from the viewpoint
that no high temperature process needs be employed
when forming a thin film.
�[0007] Conventional pyroelectric infrared sensors in-
cluding those using VDF oligomer have a structure that
a pyroelectric material is supported with a substrate com-
prising inorganic material such as Si. If this substrate has
high heat capacity and heat conductivity, by irradiation
of infrared rays, a lot of heat given to the pyroelectric
material is absorbed by the substrate and is released
outside from the substrate, resulting in decrease in tem-
perature change of the pyroelectric material in irradiation
of infrared rays and decrease in sensor sensitivity.
�[0008] In JP2000-155050A ([0019], [0027], [0031],
Fig. 1), it is disclosed that a resin substrate which is gen-
erally said to have small heat conductivity is used on a
pyroelectric infrared sensor using a ferroelectric polymer
as a pyroelectric material, thereby making it possible to
inhibit heat given to the pyroelectric material by irradiation
of infrared rays from being absorbed by the substrate
and sensor sensitivity from being lowered. Further a sup-
porter made of Si or the like is provided under the resin
substrate. The resin substrate is supported with this sup-
porter to be fixed flatly without being curved.

DISCLOSURE OF INVENTION

�[0009] In conventional pyroelectric infrared sensors,
since a substrate and supporter made of inorganic ma-
terials such as Si are used, it is difficult to change forms
of the pyroelectric infrared sensors depending on a shape
of an installation site and location of an object to be de-
tected.
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�[0010] An object of the present invention is to provide
a pyroelectric infrared sensor which can change its form
and has high sensitivity.
�[0011] A pyroelectric infrared sensor of the present in-
vention made to solve the above-�mentioned problems is
characterized by having flexibility and comprising:�

a) a substrate comprising a polymer material,
b) a layer of vinylidene fluoride oligomer being
formed on the substrate and comprising
CF3-(CH2CF2)n-CmH2m+1 (n=5 to 50, m=1 to 10) or
a substance obtained by replacing its CmH2m+1
group by halogen atom,
c) a lower electrode having flexibility and being
formed between the substrate and the vinylidene flu-
oride oligomer layer, and
d) an upper electrode having flexibility and being
formed on the vinylidene fluoride oligomer layer.

�[0012] Examples of a material which can be used on
the substrate are, for instance, polyimide, polyethylene
terephthalate, polybutylene terephthalate, polycar-
bonate, polyparaphenylene sulfide and polyamide imide.
For the upper electrode and the lower electrode, for ex-
ample, metal deposition films such as Au, Ag, Al, Cr, Ni
and Pt, carbon deposition film, and organic electrodes of
polyaniline, polythiophene and PDOT-�PSS can be used.
�[0013] The pyroelectric infrared sensor of the present
invention can be formed into a curved, cylindrical or
spherical shape by making use of its flexibility. In this
case, the vinylidene fluoride oligomer layer may be lo-
cated at an outer side or an inner side of the curve.
�[0014] These forms of sensors can be provided with
means for changing a curvature of the curve (a cross
section in the cases of cylindrical and spherical forms).
In that case, further, means for measuring the curvature
can be provided.
�[0015] The substrate may be one having a bimorph
configuration comprising two sheets of piezoelectric pol-
ymer films.
�[0016] At least either the upper electrode or the lower
electrode (or both of them) may be divided into plural
pieces. In that case, it is desirable that portions of the
substrate between a plurality of electrodes are eliminat-
ed.
�[0017] The above-�mentioned substrate is transparent
to an aimed infrared ray, and a surface of the substrate
corresponding to at least any of a plurality of electrodes,
namely a surface of the substrate being opposite to the
lower electrode and facing an infrared ray may be formed
into a shape of a condensing lens such as convex lens
or Fresnel lens.

BEST MODE FOR CARRYING OUT THE INVENTION

�[0018] In the present invention, the substrate made of
a polymer material and the VDF oligomer layer have flex-
ibility and the upper electrode and the lower electrode

are made of materials having flexibility, and therefore,
the pyroelectric infrared sensor of the present invention
has flexibility. By making use of such flexibility, it is pos-
sible to obtain a pyroelectric infrared sensor formed into
a shape suitable for its installation site or desired shapes
such as a curved shape, a cylindrical shape and a spher-
ical shape.
�[0019] In addition, sensitivity of the infrared sensor can
be increased as compared with conventional sensors by
using a pyroelectric material comprising VDF oligomer
having a pyroelectric coefficient higher than that of an
inorganic ferroelectric material or a ferroelectric polymer
which has been used on many pyroelectric infrared sen-
sors and a substrate comprising a polymer film having
heat capacity and heat conductivity lower than those of
conventional substrates made of Si or the like.
�[0020] When the pyroelectric infrared sensor of the
present invention is formed into a cylindrical shape or a
spherical shape, an angle of visibility of 360° can be ob-
tained.
�[0021] When the pyroelectric infrared sensor of the
present invention is provided with means for changing a
curvature, since a focus of a surface receiving infrared
rays can be moved, a location of heat source can be
determined by measuring a change in intensity of infrared
rays while moving the focus.
�[0022] Also, the same function as that of conventional
optical chopper can be obtained by repeating this change
in curvature (by oscillating). Namely, when a curvature
of the substrate is changed, since a distance between
the VDF oligomer layer and the heat source (source of
infrared rays) changes, a temperature change can be
generated in the VDF oligomer layer even in the case of
a stationary heat source, and a temperature can be
measured. Though an optical chopper has been used to
give a temperature change with respect to stationary heat
source, when means for changing a curvature is provided
on the pyroelectric infrared sensor of the present inven-
tion and a change in curvature is repeated by such
means, a temperature of the stationary heat source can
be measured without using an optical chopper.
�[0023] Example of means for changing a curvature is
a substrate having a bimorph configuration using two pi-
ezoelectric polymer films. In this case, a curvature can
be changed by changing a voltage to be applied between
these two piezoelectric polymer films. In addition, by ap-
plying ac voltage, the substrate oscillates, which makes
it possible to use the sensor as a sensor for measuring
temperature of stationary heat source without using such
an optical chopper as mentioned above.
�[0024] When at least either an upper electrode or a
lower electrode is formed into a plurality of pieces, an
infrared sensor array having a plurality of pyroelectric
infrared sensors corresponding to a plurality of elec-
trodes can be formed on one substrate. By using such
an infrared sensor array, a speed and an acceleration
speed of an object releasing infrared rays can be meas-
ured, for example, by a difference in change with time of
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intensity of infrared rays of each sensor.
�[0025] When the portions of the substrate between the
above-�mentioned plural electrodes are eliminated, heat
conduction among the plural pyroelectric infrared sen-
sors formed on the substrate can be inhibited, and de-
tection accuracy of each sensor can be increased.
�[0026] In the case where the substrate is transparent
to an aimed infrared ray and a surface of the substrate
corresponding to at least any of a plurality of electrodes
is formed into a shape of a condensing lens, when the
VDF oligomer layer is irradiated with infrared rays from
the surface of substrate, the infrared rays are condensed
in a narrow region inside the VDF oligomer layer by
means of the condensing lens, thereby generating a large
temperature change of VDF oligomer in such a region
and enabling detection accuracy of infrared rays to be
improved.

BRIEF DESCRIPTION OF DRAWINGS

�[0027]

[Fig. 1] A cross-�sectional view of one embodiment
of the pyroelectric infrared sensor of the present in-
vention
[Fig. 2] A cross- �sectional view showing an example
of the pyroelectric infrared sensor of the present in-
vention provided with a plurality of lower electrodes
and/or upper electrodes
[Fig. 3] A cross- �sectional view showing an example
of a process for production of the pyroelectric infra-
red sensor of the present invention
[Fig. 4] A perspective view showing an example of
a pyroelectric infrared sensor formed into a cylindri-
cal shape
[Fig. 5] A cross- �sectional view showing an example
of a pyroelectric infrared sensor having a curved sub-
strate
[Fig. 6] A plan view and a cross-�sectional view show-
ing an example of a pyroelectric infrared sensor hav-
ing curving means
[Fig. 7] A cross- �sectional view showing an example
of an infrared sensor for temperature measurement
requiring no optical chopper
[Fig. 8] A plan view and a cross-�sectional view show-
ing an example of a pyroelectric infrared sensor array
in which there are provided substrate-�less portions
on a boundary of each element
[Fig. 9] A cross- �sectional view showing an example
of a pyroelectric infrared sensor array in which con-
vex portions are provided on the VDF oligomer layer
[Fig. 10] A graph showing results of measurement
of induced charge of the pyroelectric infrared sen-
sors of the present invention and comparative ex-
ample

�[0028] Examples of the pyroelectric infrared sensor of
the present invention are explained by means of Fig. 1

to Fig. 10.

(1) Basic structure of the pyroelectric infrared sensor of 
the present invention

�[0029] Fig. 1 is a cross-�sectional view of the pyroelec-
tric infrared sensor 10 having a basic structure of the
present invention. This pyroelectric infrared sensor 10 is
comprised of the substrate 11 comprising a polymer ma-
terial, the lower electrode 12, the VDF oligomer layer 13
and the upper electrode 14 which are laminated in this
order.
�[0030] For the substrate 11, a sheet of polymer mate-
rial such as polyimide or polyethylene having a thickness
of 5 to 200 Pm is used.� For the VDF oligomer layer 13,
a VDF oligomer represented by the chemical formula
CF3-(CH2CF2)n-CmH2m+1 where n is 5 to 50 and m is 1
to 10, or a substance obtained by replacing its CmH2m+1
group by halogen atom is used. For the lower electrode
12 and the upper electrode 14, the above- �mentioned
metal deposition film, carbon deposition film or organic
electrode is used. The lower electrode 12 and the upper
electrode 14 are formed all over the surface of the sub-
strate 11, and by making thicknesses thereof thin
enough, the whole sensor can be made flexible.
�[0031] A functional sequence of this pyroelectric infra-
red sensor 10 is the same as that of conventional pyro-
electric infrared sensors. When the sensor is irradiated
with infrared rays, a temperature of the VDF oligomer
layer 13 is increased, and in proportion to a degree of
this temperature change, an amount of polarization of
the VDF oligomer changes. Incidence of infrared rays
into the VDF oligomer layer 13 is detected by detecting
a change in voltage between the lower electrode 12 and
the upper electrode 14 which is generated by this change
in polarization.
�[0032] In this pyroelectric infrared sensor 10, any of its
component elements, that is, the substrate 11, the lower
electrode 12, the VDF oligomer layer 13 and the upper
electrode 14 have flexibility, and the sensor does not
have a component element being free from flexibility like
a supporter made of Si and described in, for example,
JP2000-155050A. Therefore, the sensor can be formed
into a desired shape. In addition, the substrate 11 of this
pyroelectric infrared sensor 10 is made of a polymer ma-
terial and has heat capacity and heat conductivity which
are lower than those of a substrate and supporter made
of Si or the like. Therefore, detection accuracy of infrared
rays can be increased.

(2) Structure of pyroelectric infrared sensor having lower 
electrodes and/or upper electrodes divided into a plurality 
of pieces

�[0033] Fig. 2 represents cross- �sectional views of (a)
the pyroelectric infrared sensor 20A, (b) the pyroelectric
infrared sensor 20B, and (c) the pyroelectric infrared sen-
sor 20C provided with a plurality of divided upper elec-
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trodes and/or lower electrodes. In any of these sensors,
the substrates 21 are in the form of one sheet like the
above-�mentioned pyroelectric infrared sensor 10. In (a),
only the upper electrode 24A is divided into a plurality of
pieces, in (b), only the lower electrode 22B is divided into
a plurality of pieces, and in (c), both of the lower electrode
22C and the upper electrode 24C are divided into a plu-
rality of pieces.
�[0034] In these pyroelectric infrared sensors 20A, 20B
and 20C, by using each of divided upper electrodes 24A
or 24C and/or divided lower electrodes 22B or 22C, a
voltage of the VDF oligomer layer 23 provided directly
on or under the respective electrodes can be measured.
Accordingly, incidence of infrared rays into the VDF oli-
gomer layer 23 can be detected independently by each
electrode. Namely, the whole pyroelectric infrared sensor
20A, 20B or 20C forms a sensor array.
�[0035] In these pyroelectric infrared sensors 20A, 20B
and 20C, the electrodes 22A and 24B which are not di-
vided need to have flexibility, but the divided upper elec-
trodes 24A and 24C and the divided lower electrodes
22B and 22C do not need to have flexibility. Since there
are spaces among the divided electrodes, the divided
upper electrodes and the divided lower electrodes col-
lectively have flexibility as a whole, and thus the sensors
20A, 20B and 20C have flexibility. Therefore, the three
examples shown in Fig. 2 belong to the technical category
of the present invention.

(3) Process for production of the pyroelectric infrared 
sensor of the present invention

�[0036] Fig. 3 shows an example of a process for pro-
duction of the pyroelectric infrared sensor of the present
invention. First, a polymer material sheet is prepared as
the substrate 11, and the lower electrode 12 is formed
on its surface (a). For forming the lower electrode 12, for
example, when an electrode made of metal or carbon is
used, a vacuum vapor deposition method can be em-
ployed, and when an organic electrode is used, a wet
method such as a spin coat method can be employed.
�[0037] Next, the substrate 11 having the lower elec-
trode 12 formed thereon is cooled to -100°C or lower,
and the VDF oligomer layer 13 is formed on the lower
electrode 12 by a vacuum vapor deposition method (b).
By this cooling, molecular chains of the VDF oligomer
can be oriented in the direction parallel with the substrate,
and by such an orientation structure, a state of easily
exhibiting ferroelectric property and pyroelectric property
can be obtained.
�[0038] Thereafter, the cooling is terminated, and the
upper electrode 14 is formed on the VDF oligomer layer
13 (c). Lastly, an electric field is formed in a vertical di-
rection to the VDF oligomer layer 13 by applying dc volt-
age or ac voltage between the lower electrode 12 and
the upper electrode 14 (d). As mentioned above, since
the molecular chains of the VDF oligomer are oriented
in the direction parallel with the substrate, the electric

field is applied in a vertical direction to the molecular
chains. The direction of polarization of the VDF oligomer
is vertical to the molecular chains, and by this application
of the electric field, spontaneous polarization is formed
in the VDF oligomer layer 13 in a vertical direction to this
layer (poling). The pyroelectric infrared sensor 10 is com-
pleted by the above-�mentioned treatments.
�[0039] When producing the pyroelectric infrared sen-
sors shown in Fig. 2 �(a) to (c) which have the upper elec-
trodes 24A or 24C and/or the lower electrodes 22B or
22C, in the steps of Fig. 3�(a) and/or 3�(c), vacuum vapor
deposition may be carried out using a mask perforated
at positions corresponding to the divided electrodes to
be formed.
�[0040] In the step of Fig. 3�(d), an electric field may be
applied to the VDF oligomer layer 13 by using an elec-
trode for poling treatment instead of application of an
electric field by connecting the upper electrodes and the
lower electrodes to power source.

(4) Example of the pyroelectric infrared sensors of the 
present invention having a changed form

�[0041] Fig. 4 shows examples of a pyroelectric infrared
sensor formed into a cylindrical shape. The pyroelectric
infrared sensor 30A shown in (a) is one obtained by form-
ing the pyroelectric infrared sensor 10 shown in Fig. 1
into a cylindrical form, and the lower electrode 32 and
the upper electrode 34 are provided all over the surface
in one body, respectively. The pyroelectric infrared sen-
sor 30B shown in (b) is one obtained by forming the py-
roelectric infrared sensor 20A shown in Fig. 2 �(a) into a
cylindrical form, and the lower electrode 32 is provided
all over the surface in one body and the upper electrode
34B is divided into a plurality of pieces. The both sensors
have the substrate 31 on an inner side of the cylinder,
and the VDF oligomer layer 33 on an outer side of the
cylinder. Those sensors detect an infrared ray radiator
located outside the cylinder.
�[0042] The cylindrical pyroelectric infrared sensors
30A and 30B can detect all incident infrared rays coming
from all directions around the periphery thereof. In addi-
tion, in the case of the pyroelectric infrared sensor 30B
having the divided electrodes, a direction of an existing
infrared ray source and a motion thereof can be deter-
mined by measuring a change in voltage between each
of the plural upper electrodes 34B and the lower electrode
32 and specifying distribution of detected intensity.
�[0043] Fig. 4 shows an example of the sensor having
the substrate 31 on an inner side of the cylinder and the
VDF oligomer layer 33 on an outer side of the cylinder.
On the contrary, the substrate 31 may be located on an
outer side of the cylinder, and the VDF oligomer layer 33
may be located on an inner side of the cylinder. For ex-
ample, when such a sensor is so arranged as to enclose
a dropping route or a flying route of a small product (work),
it can be used as a sensor for detecting movement of the
work, its speed and deviation from a regular route. A liquid
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or gas passage may be provided inside the cylinder, and
by providing such a passage, the sensor can be used as
a sensor for detecting a temperature change of liquid or
gas flowing through the passage.
�[0044] Fig. 5 shows a curved pyroelectric infrared sen-
sor 40A obtained by curving the pyroelectric infrared sen-
sor 10 of Fig. 1. Fig. 5�(a) is a plan view of the curved
pyroelectric infrared sensor 40A, and Fig. 5�(b) and 5�(c)
are cross-�sectional views thereof. This curved pyroelec-
tric infrared sensor 40A is obtained by forming the sub-
strate 41A into a nearly circular shape and fixing a cir-
cumference thereof with a rigid ring 45. The lower elec-
trode 42A and the VDF oligomer layer 43A are in the form
of one sheet, and the upper electrode 44A is a divided
electrode.
�[0045] In this curved pyroelectric infrared sensor 40A,
as the focus formed by a curved surface of the curved
VDF oligomer layer 43A is approached to a point light
source, a difference in an amount of incident infrared ray
among the divided electrodes becomes smaller. By mak-
ing use of this, a location of the point light source can be
estimated by measuring an amount of incident infrared
ray while moving the curved pyroelectric infrared sensor
40A (namely, moving the above-�mentioned focus), and
determining a position where the difference in the amount
of incident light in each of the divided electrodes becomes
minimum.
�[0046] Fig. 6 shows the pyroelectric infrared sensor 50
having means for changing a curvature. (a) is a plan view
of the pyroelectric infrared sensor 40B, and (b) is a cross-
sectional view showing the pyroelectric infrared sensor
40B being in a curved state. In this example, for the sub-
strate 41B, the lower electrode 42B, the VDF oligomer
layer 43B and the upper electrodes 44B, the same ones
as in the curved pyroelectric infrared sensor 40A are
used. The curving means comprises a plurality of actu-
ators 46 arranged around the substrate 41B. Each of the
actuators 46 presses the substrate 41B from its circum-
ference toward its center. By adjusting this pressing force
of the actuator 46, curvatures of the substrate 41B, the
lower electrode 42B, the VDF oligomer layer 43B and
the (whole) upper electrodes 44B can be changed. When
the pressing force of the actuator 46 is decreased, a cur-
vature naturally decreases by a restoring force of the
substrate 41B itself.
�[0047] When the curvature of the substrate 41B is
changed, a focus formed by a curved surface of the VDF
oligomer layer 43B changes. Accordingly, a location of
the point light source can be estimated in the same man-
ner as in the curved pyroelectric infrared sensor 40A by
measuring an amount of incident infrared ray while
changing the curvature, namely changing a position of
the focus, and determining a position where the differ-
ence in a measured amount of incident infrared ray
among all the divided electrodes becomes minimum.
�[0048] In addition, an amount of incident infrared ray
into the VDF oligomer layer 43B just under each of the
divided electrodes can be periodically changed by peri-

odically changing a curvature of the VDF oligomer layer
43B, etc. by using the actuator 46.
�[0049] When measuring a temperature of stationary
heat source with an infrared sensor, in order to generate
pyroelectric current, so far temperature change with time
has been given to the pyroelectric material by giving
change with time of an amount of incident infrared rays
by repeating switching on and off of incidence of infrared
rays with an optical chopper. According to the method of
example of the present invention, change with time of an
amount of incident infrared rays can be given without
using an optical chopper.

(5) Example of infrared sensor for measuring tempera-
ture without using an optical chopper

�[0050] Next, another example of a pyroelectric infrared
sensor for measuring temperature without using an op-
tical chopper is explained by means of Fig. 7. In this py-
roelectric infrared sensor 50, the substrate 51 is com-
prised of polymer films 51A and 51B comprising a pie-
zoelectric material polarized in a vertical direction to the
substrate and a flexible oscillation control electrode 55
provided between these films. Under the substrate 51 is
provided a flexible grounding electrode 56. On the sub-
strate 51 are provided the lower electrode 52, the VDF
oligomer layer 53 and the upper electrode 54 in the same
manner as in the pyroelectric infrared sensor 10. The
oscillation control electrode 55 and the lower electrode
52 are connected to the ac power source 57, and the
oscillation control electrode 55 and the grounding elec-
trode 56 are connected to the ac power source 57 so that
the lower electrode 52 and the grounding electrode 56
are grounding side electrodes, respectively. These pol-
ymer films 51A and 51B, oscillation control electrode 55,
grounding electrode 56 and lower electrode 52 form a
piezoelectric bimorph. The lower electrode 52 is used
also for measuring voltage between the upper electrode
54 and the lower electrode 52 which is generated due to
temperature change of the VDF oligomer layer 53 in the
same manner as in the pyroelectric infrared sensor 10.
�[0051] In this pyroelectric infrared sensor 50, when ac
voltage is applied between the oscillation control elec-
trode 55 and the lower electrode 52 and between the
oscillation control electrode 55 and the grounding elec-
trode 56 by using the ac power source 57, the polymer
film 51A and the polymer film 51B undergo shrinkage
and expansion in opposite phase in parallel with the films
due to a piezoelectric effect. By this, the substrate 51,
the VDF oligomer layer 53 provided thereon, � etc. oscillate
in a direction vertical to them. Since by this oscillation, a
distance between the VDF oligomer layer 53 and the heat
source changes without interruption, even in the case of
incidence of infrared rays from a stationary heat source,
temperature change with time can be given to the VDF
oligomer layer 53. Therefore in the pyroelectric infrared
sensor 50, temperature of stationary heat source can be
measured without using an optical chopper.
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(6) Example of pyroelectric infrared sensor thermally sep-
arated in an array of infrared sensor units

�[0052] Fig. 8 shows a top view (a) and a cross-�sectional
view (b) showing another example of a pyroelectric in-
frared sensor divided to the same form comprising an
upper electrode, a lower electrode and a VDF oligomer
layer provided between them. In this pyroelectric infrared
sensor 60, pyroelectric infrared sensor units are formed
by the upper and lower electrodes and the VDF oligomer
layer provided between them, and the whole pyroelectric
infrared sensor is composed of an array of these pyroe-
lectric infrared sensor units. In this pyroelectric infrared
sensor 60, the substrate 61 is eliminated between the
adjacent pyroelectric infrared sensor units (substrate-
less region 65), and the substrates are connected only
at a point of intersection of the four infrared sensor units,
thus maintaining the whole infrared sensor united in one
body. In the present invention, since a polymer material
is used on the substrate, a part of the substrate 61 can
be easily eliminated by solvent treatment using masking
or by mechanical cutting. By this, each of infrared sensor
units constituting the array can be thermally separated
nearly perfectly, and detection accuracy of each infrared
sensor unit can be increased.

(7) Example of pyroelectric infrared sensor having con-
densing lens on its substrate

�[0053] Fig. 9 shows pyroelectric infrared sensors 70A
to 70C having, on their substrates 71, many condensing
lenses facing outward. In the pyroelectric infrared sen-
sors 70A and 70B, a plurality of convex portions 75 made
of the same material as that of the substrate and facing
outward are formed on the surfaces of the substrates
71A and 71B on the outer side of the sensor. Further, in
the pyroelectric infrared sensor 70B, concave portions
76 corresponding to the convex portions 75 and facing
inward of the substrate 70B are formed on the surface
of the substrate 71B at the side of VDF oligomer layer
73B, and also the VDF oligomer layer is formed into a
convex form toward the substrate 70B, and for fitting to
the concave portion, the VDF oligomer layer 73B is also
formed in a convex shape toward the substrate 70B. In
the pyroelectric infrared sensor 70C, a plurality of Fresnel
lenses 77 comprising many saw teeth concentrically
formed are formed.
�[0054] These substrates 71A to 71C are made of a
material through which aimed infrared rays pass. Any of
the lower electrodes 72A to 72C and the upper electrodes
74A to 74C comprise divided electrodes arranged corre-
sponding to the convex portions 75 or Fresnel lenses 77.
�[0055] In these pyroelectric infrared sensors 70A to
70C, by letting infrared rays enter from the substrate 71
side, the infrared rays are condensed into a narrower
region by the convex portions 75 or Fresnel lenses 77
as compared with the case of using neither convex por-
tions 75 nor Fresnel lenses 77, and therefore, a large

temperature change of spherical shape can be obtained.
the VDF oligomer occurs in such a region and detection
accuracy of infrared rays is increased.
�[0056] Fig. 10 shows results of measurement of in-
duced charge of the pyroelectric infrared sensor 10 which
is induced on the VDF oligomer layer at the time of irra-
diation of infrared rays (switching OFF to ON) and at the
time of stopping irradiation of infrared rays (switching ON
to OFF), and the results are shown by voltage. In this
experiment, polyimide was used on the substrate 11, and
Cr was used on the lower electrode 12 and the upper
electrode 14. Fig. 10 also shows the results of similar
measurements as a comparative example with respect
to a pyroelectric infrared sensor using quartz substrate
instead of a polyimide substrate. In this experiment, in-
frared ray released from a blackbody furnace (500°C)
was used. In Fig. 10, an abscissa represents time. From
the results of this experiment, it was found that in both
of the switching OFF to ON and the switching ON to OFF,
an absolute value of output voltage is larger and response
is quicker in Example of the present invention as com-
pared with Comparative Example.

INDUSTRIAL APPLICABILITY

�[0057] In the present invention, since the substrate
made of a polymer material and the VDF oligomer layer
have flexibility and also the upper electrode and the lower
electrode are made of materials having flexibility, the py-
roelectric infrared sensor of the present invention has
flexibility. By making use of such flexibility, pyroelectric
infrared sensors formed into a shape suitable for an in-
stallation site or desired shapes such as a curved shape,
a cylindrical shape and a

Claims

1. A pyroelectric infrared sensor having flexibility and
comprising: �

a) a substrate comprising a polymer material,
b) a layer of vinylidene fluoride oligomer being
formed on said substrate and comprising
CF3-(CH2CF2)n-CmH2m+1 (n=5 to 50, m=1 to 10)
or a substance obtained by replacing its
CmH2m+1 group by halogen atom,
c) a lower electrode having flexibility and being
formed between the substrate and the vinyli-
dene fluoride oligomer layer, and
d) an upper electrode having flexibility and being
formed on said vinylidene fluoride oligomer lay-
er.

2. The pyroelectric infrared sensor of Claim 1, charac-
terized by being formed into a curved shape.

3. The pyroelectric infrared sensor of Claim 1, charac-
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terized by being formed into a cylindrical shape.

4. The pyroelectric infrared sensor of Claim 1, charac-
terized by being formed into a spherical shape.

5. The pyroelectric infrared sensor of any of Claims 1
to 4, characterized by having means for changing
a curvature.

6. The pyroelectric infrared sensor of Claim 5, wherein
said substrate has a bimorph configuration compris-
ing two sheets of piezoelectric polymer films.

7. The pyroelectric infrared sensor of any of Claims 1
to 6, wherein at least either said upper electrode or
lower electrode is divided into plural pieces.

8. The pyroelectric infrared sensor of Claim 7, wherein
portions of said substrate between a plurality of elec-
trodes are eliminated.

9. The pyroelectric infrared sensor of Claim 7 or 8,
wherein said substrate is transparent to an aimed
infrared ray, and a surface of the substrate corre-
sponding to at least any of a plurality of electrodes
is formed into a shape of a condensing lens.
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